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INTRODUCTION

The problem

There are many approaches that support studies of learning in relation to the physical
SYG@ANRY YSyYyXyi 988200 A5204 oA GK 2yS Fy20KSNE 2 NJ LIS
these approaches achieve in granularity of description, they tend $e e synthesis and
integration and, to date, there are not effective concepts and methods to study learning in
relation to all of hese dimensions simultaneously.

As a result, separate research perspectives have deve]@aeth seeking to characterize
the relation between the physical emghment and human learning in different ways. Some
perspectiveseek todeterminewhether properties of the physical environment (e.g., circulation
and visibility patterns) condition student performance and teacher pedagogy in settings such as
classroomsmuseums, and university campusé@gfner, 2009; Cleveland & Fisher, 2014; Imms
et al., 2016; Ellis & Goodyear, 2018; Strange & Banning,)2@her perspectiveseek to
illustrate how people use their bodieslong with artifacts and segments of the phydic
environmentduring face to face interaction tassemblesocial learning contexi&rickson, 2004;
Leander, 2002; Rowe, 200&till other perspectiveseek to show how people realizearning
opportunities acrossettings such asrban environmentgTayor & Hall, 2013Lave et al., 1984;
Ma & Munter, 2014. Each of these perspectivdsas distinct weaknesses that arelirectly
addressed byhe strengths of the other perspectiveMissing are conceptual frameworksd
resourcesthat integrate these perspetivesto studyK 2 ¢ LIS 2 LI S Qroveingnii, Sndd Ol A 2
responses to, oactions onthe physicalenvironment lead people to learn

Overview of dissertation

The three papers in this dissertation address this problem in new, interdisciplinary wayssihe

paper, in collaboration withothers from the Space, Learning & Mobility Latjtlines our
development and useof I ySg | LIINBI OK (2 RS&AONAOGSI NBLINJ
interaction as they move within and across physical environmeWts. call his approach

interaction geography We show how, in comparison to traditional approacheseraction
geographyprovides amore integrative and muk& OF €  NJ ¢l & G2 OKIF N¥ OGSNRI
and movement irrelation to the physical environment and particularly relevant to learning

research andorofessional design practice in informal learning settingsis paper has been
previously published in the International Journal of CompB8apported Collaborative Learning

(Shapiro, Hall & Owens, 2017%).the first part of this paper, we illustrate our development and

use of interaction geography to study visitor engagement in a cultural heritage museum. In
particular, we illustrateMondrian TranscriptoB | YSGi K2R G2 YIF L) LIS2L} S
conversatimm over space and time, and thteraction Geography Slicer (IG&) dynamic
visualization tool that supports new forms of interaction and moilbdal analysis. In the second

part of this paper, we describe one team of museum educators, curators, arshiaist exhibit

designers using a computsupported collaborative learning (CSCL) environment based on



interaction geography. We show how this environment used interaction geography to disrupt
the conventional views of visitor engagement and learning thaseum professionals hold and
then reframe these disruptions to enable museum professionals to perceive visitor engagement
and learning in innovative ways that potentially support their future design decisions.

The second paper extends this work by pdivg a conceptual framework texpand
interaction geography in studies of learnindpegin by reviewing and critically interpreting what
| see as four historically separate research perspectives. The first and second perspectives, which
| call therespongble andresponseable teaching settingperspectivesgdeterminedifferent ways
properties of the physical environment condition student performance and teacher pedagogy
respectively in settings such as classrooms, museums, and university camphsethrd
perspective, which | call th@ateraction typologiegperspective, illustrates how people use their
bodies along with artifacts and segments of the physical environmeéuating face to face
interaction to assemblesocial learning contexts. The fourth ppestive, which | call the
movement geographiesperspective, shows howlJS2 L SQ& Y2@SYSyid NBI f§
opportunities across settings such as urban environmeviysreview aims to highlight strengths
and weaknesses across these perspectigad to outline a conceptual framework for their
integration. Subsequently, | introduce and critically analyze representations produced using
interaction geographyrom Shapiro, Hall & Owerf2017). In particular, | introduce and critically
analyze concepts and methods$ interaction geography including Mondrian Transcription and
the interaction geography slicedGS. My analysis shows how interaction geography offers
resources to integrate each of the four perspectives in oiifle@ a (i dzRe@ K2 g LJS2 LI SQ
movement, and responses to, actions on the physicalenvironment lead people to learn
conclude by outlining limitations and necessary next steps to expardaction geography in
studies of learning.

The third paper, in colladyation with FrancisA. Pearmaril, adapts and uses th&Sto
visualize and discusg di I | 0 2 dzii b S &-Angd-Brisk] Prograimi €hi@ papdr bag hden
previously published in the 2017 IEEE Vis Arts Program (Shapiro & Pearman, 2017). In particular,
we show how the IGS pvales new ways to view, interact with, and query laspale data sets
of stop-andfrisk and crime data over space and through time to support analyses of and public
discussion about a controversial social and political issue. In doing so, this papelsettien
scope of my dissertation in three primary ways. First, it demonstrates the computational
possibilities and potential scalability of interaction geography and in particular, the IGS. Second,
it shows the application of interaction geography to fieldeyond education including
information visualization, urban planning, and statistics. Finally, it further illustrates how
interaction geography supports new collaborations across the fields of education, information
visualization, architecture, and thetarthat are necessary to understand complex phenomena
such as learning or stegnd-risk policingtacticsover space and time.
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DEVELOPING & USING INTERAGHOGRAPHY IN A MUSEUM

Abstract

There are many approaches that support studies of learning in relation to the physical
SYGANRYYSYyG> LIS2LX SQa AYyGSNIOlGA2Yy 6AGK 2yS |
these approaches achieve in granularity of dgdwmn, they tend to lose in synthesis and
integration, and to date, there are not effective methods and concepts to study learning in
relation to all of these dimensions simultaneously. This paper outlines our development and use

of a new approach to deBth 6 A Y 3> NBLINBaSYGAYy3IZ YR Ayl SNLINI
move within and across physical environments. We call this approach interaction geography. It
provides a more integrative and muliiO f  NJ g+ & G2 OKIFI NI OGSNRTS
movement in relation to the physical environment and is particularly relevant to learning
research and professional design practice in informal learning settings. The first part of this paper
illustrates our development and use of interaction geography to wtuditor engagement in a

cultural heritage museum. In particular, we illustrdf®ndrian Transcriptiona method to map

LIS2 L SQ& Y20SYSyid | yR 02y @S NitdragtibreGeogeyghp Mided LI OS
(IGS) a dynamic visualization tool thaugports new forms of interaction and muitnodal

analysis. The second part of the paper describes one team of museum educators, curators,
archivists, and exhibit designers using a compusigoported collaborative learning (CSCL)
environment based on interion geography. We show how this environment used interaction
geography to disrupt the conventional views of visitor engagement and learning that museum
professionals hold and then reframe these disruptions to enable museum professionals to
perceive visibr engagement and learning in innovative ways that potentially support their future

design decisions. We conclude the paper by discussing how this work may serve as a blueprint to
guide future efforts to expand interaction geography in ways that explone oellaborations

across the fields of education, information visualization, architecture, and the arts.

This article has been previously published antesinted here by permission from Springer Nature: Springer,
International Journal o€omputerSupported Collaborative Learning. Shapiro, B.R., Hall, R. and Owens, D. (2017).
Developing & Using Interaction Geography in a Museum. International Journal of Coi@ppperted Collaborative
Learning, 12(4), 37399.

Introduction

There are manyapproaches that support studies of learning in relation to the physical
SYGANRYYSYyG> LIS2LX SQ&d AYOGSNIOUA2Y 6AGK 2yS |y
occupancy evaluation (Zimring & Reizenstein, 1980; Cleveland & Fisher, 2013) encompasses
approaches that support studies of how the physical layout of classrooms, museums, and
G2NJ LI | OSa AyFfdzSyoOSa LIS2L) SQa fSFNYyAy3a o6& (
Cleveland, 2009; Scetebber, 2004; Wineman et al., 2006; Peponis et al., 1990)\v&Esation

analysis (Erickson, 2004; Ludvigsen et al., 2016; Stahl et al., 2006) and interaction analysis (Jordan

& Henderson, 1995; Hall and Stevens, 2015) support studies that unpack how technology
mediated interactions between people make up socialh@ag contexts (Cress, 2008; Stahl et al.,



2014; Suthers et al., 2010; Davidsen & Ryberg, 2017; Leander, 2002). Movement based
approaches (Hagerstrand, 1970, Cresswell, 2010; Sheller & Urry, 2006; Kwan and Lee, 2003)
support studies that investigate how pele realize or miss learning opportunities as they move
across contexts over the course of days, months, and even years (Taylor & Hall, 2013; Marin,
2013; Ito et al., 2009).

However, what these approaches achieve in granularity of description, theytéelode
in synthesis and integration. For example, pps© O dzLJF y O& S @I f dzF A2y (& LI (
O2y@SNEI GA2Y YR GKS aSljdzsSSyaal ft 2NHIFYAT I GA 2\
Interaction and conversation analysis traditionally disregard thgspal environment and
LIS2 L) SQ& Y2@8SYSyld o0Seé2yR (KS &a0FtS 2F I NIAFI C
[ SY1SE wHnnno® az2@SYSyid oFaSR FLIWNRIF OKSa R2 Yy
interaction with one another or the physical enviroent of settings like classrooms or museum
gallery spaces (Scollon, 2008; Hall and Stevens, 2015).

The lack of integrative approaches that simultaneously consider the physical
SYGANRYYSYyGs> LIS2L) SQa AYGSNIOUA2Yy érdléakingy S |y
research and professional design practice particularly in informal learning settings. For example,
the assessment of visitor engagement and learning in museums is often simplified to important
but basic questions such as how long people renstirexhibits. This is because museum
researchers and designers are not able to take account of other factors such as how visitors
recruit the attention of family members or peers to engage with the designed content of museum
galleries; how they relate onexhibit to another (e.g., making return trips to seek additional
information); and how they collect, edit, and share their experiences with one another through
their movement across a complete museum visit. Put differently, informal learning settings like
museums are places in need of assumptions and methods that are not dwsed (Schauble
et al.,, 1997) and ideally require ways to link fine grained analyses of visitor conversation,
interaction, and embodied activities at single museum exhibits (Crosvlégcobs, 2002; Steier,

2014; Stevens & Hall, 1997) with broader analyses of how visitors make sense of intended
museum design across gallery spaces and complete museum visits (Tzortzi, 2014).

This paper outlines our development and use of a new apprdactdescribing,
NELINBASYGAY3IZ YR AYUSNILINBIOAY3 LIS2LX SQa AydaS!
environments. We call this approach interaction geography. It provides a more integrative and
multi-a OF £ I NJ gl & G2 OKI NI GudSnevernest inlrdafionio $he physika) (i S NI (¢
environment and is particularly relevant to learning research and professional design practice in
informal learning settings. The first part of this paper illustrates our development and use of
interaction geographyo study visitor engagement in a cultural heritage museum. In particular,

S AffdzAGNIYGS az2yRNALFY ¢NIYAONRLIIAZ2YS | YS(iK?2
over space and time, and the Interaction Geography Slicer (IGS), a dynamic visualizthoat too

supports new forms of interaction and muthodal analysis. The second part of the paper
describes how a team of museum educators, curators, archivists, and exhibit designers used a
computersupported collaborative learning (CSCL) environment baradteraction geography.

We show how this environment used interaction geography to disrupt the conventional views of

visitor engagement and learning that museum professionals hold and then reframe these
disruptions to enable museum professionals to péreevisitor engagement and learning in
innovative ways that potentially support their future design decisions. We conclude the paper by



discussing how this work may guide future efforts to expand interaction geography in ways that
explore new collaboratiomacross the fields of education, information visualization, architecture,
and the arts.

Museum setting & empirical basis

The setting and empirical basis of this research is a three year project to understand how visitors
cultivate interests in and learabout the diverse historical and cultural heritage of

American Roots and Country music as they visit a nationally renowned museum located in the
mid-South region of the United States.

Three primary research questions guided our work within this museamtegt. First, we
wanted to describe the interaction and conversation patterns of visitors at single museum
exhibits in relation to their movement across gallery spaces during their complete museum visit.
Second, we wanted to use these descriptions to éetinderstand how visitors furthered their
own personal interests, cultural identities, and intergstven learning. Third, we wanted to see
if and how exploration of visitor activity using new types of compsigoported collaborative
learning environmets could advance the professional insights and vision (Goodwin, 1994)
among museum professionals to identify ways to design more equitable, expansive, and
productive learning opportunities in museum gallery spaces. These questions required new types
of research data as well as new ways to represent and interpret this research data. In particular,
the first two questions required detailed, mujterspective accounts of the conversation,
technologymediated interaction, and movement of groups of visitors asroomplete museum
visits along with new ways to describe, represent, and interpret these accounts that integrated
the fields of education, information visualization, architecture, and the arts. The third question
required linking the rich body of literata within the CSCL community concerning the use of
tools, especially videbased tools, in forms of reflective professional practice (see Erickson,
2007; Zahn et al., 2012; Ligorio & Ritella, 2010; Johansson et al., 2017; Lymer et al., 2009; Cress
et al., 2015) with techniques from information visualization and computational information
design (Stasko et al., 2008; Fry, 2004) in ways that advanced the work of professional
practitioners at this museum.

To answer the first two questions, we collaborated withuseum partners and
participating visitor groups/families over a period of six weeks to collect a purposive sample of
complete museum visits across 22 visitor group casgs\(&itors per group), including 11 family
groups. Data from these 22 case stugliacluded continuous, mulperspective video and audio
records (72 h total) of visitor group movement, interaction, and social media/technology use.
These data were collected through small, unobtrusive cameras worn by visitors (as necklaces) for
the durdion of their visit with no researchers present (visits ranged from 30 min to 4 h). These
data subsequently required developing new ways to organize, represent and make sense of large
guantities of multiperspective audio and video records over space anet(e.g., up to 5
AAYdzt GFyS2dza AGNBlFYa 2F FdzRA2ZKDBARS2 LISNI OA&A
conversation and movement. Data also include@ h postvisit interviews with all visitor groups,
which often included walks back throughe museum with researchers. Data also included traces
of online content (e.g., photographs, videos, online conversations) that visitors gathered (e.g.,



with cell phones/cameras) and shared with others on various social media platforms during and
after their visit.

To answer the third question, we collected audio, video and survey data from a series of
professional development and design workshops with museum educators, curators, archivists,
and exhibit designers. These workshops are part of a largegretudy (Cobb et al., 2003) that
FAYa (2 FROFYyOS YdzaSdzy LINRPFSaarzylftaqQ €SI Ny
opportunities for interestdriven learning in and beyond their gallery spaces.

Visualizing & studying visitor engagement

We now describ our development and use of interaction geography to visually transcribe
Ydza SdzY QGA&AAG2NRAQ AYOGSNIOUA2Yy 20SNJ aLIF OS | yR
Figurel - 1 adapts methods of time geography (Hagerstrand, 1970) to map the movement across
a museum gallery space of a visitor we call Adhir. Adhir is 25 years old and is one member of a
familyoffiveg K2 S OFff GKS a&.fdzS3aINlIaa ClYAf@éd ¢KS
| RKANRA Y2@0SYSyd Fa Iy 2Nry3aS LI GK 20SNI+ Ff2
GKS &LJ OS0 @ ¢KASY NAAKSIS 62 NI 16133 NESKE NN RZY PSSy S E
floor plan horizontally over time. Also included is a rendering showing the gallery space from a
point marked on the floor plan.

The floor plan view shows where Adhir goes within the gallery space, while the-space
time view shows bw he moves within the gallery space over time. For example, after entering
the gallery space (top left of floor plan view and beginning of siimoe view), Adhir walks
towards an exhibit about Hank Williams (marked on the floor plan). Hank Williamsesadjg
regarded as one of the most significant American singers and songwriters in the twentieth
Century (Escott et al., 2004). Adhir stands for almost 5 min at the Hank Williams exhibit, and in
the audio and video record, he seems to be moved to tearwlmt he finds there. His standing
or deep engagement with the exhibit is indicated by a horizontal orange path in the-8paze
view that extends from approximately minuteg®and corresponds to the vertical position of
the Hank Williams exhibit.

Subgquently, Adhir moves and stands (as indicated by the other horizontal orange lines
in the spacetiime view) for varying lengths of time at four of the five other exhibits that comprise
a semicircular set of exhibits. From top to bottom on the floor pldms semicircle includes
exhibits on renowned Bluegrass and early Country musicians Hank Williams, Lester Flatt, Earl
Scruggs, Bill Monroe, Maybelle Carter, and Jimmie Rodgers. Adhir concludes his visit to the gallery
space by walking quickly back acrosssi exhibits leaving the space where he entered and
notably not visiting the Jimmie Rodgers exhibit.

Figurel - 2 maps in blue the movement of spearold Blake, aother member of the
. £ dzZSANY da ClYAfes RdANAyYy3I KAa GAaAld 6A0K ! RKAN
All conventions and scaling match the previous figure. Line pattern distinguishes between three
horizontal areas of space on the floplan providing some description of horizontal movement
on the floor plan in the spaetme view.

Figurel - 2 illustrates not only where Blake and Adhir go within the gallery space and how
they interact with exhibits but also how they interact with ocaeother over space and tim&or
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Reprinted by permission

example, the spacéme view shows thatvhile Adhir stands at the Hank Williams exhibit, Blake

moves quickly (apparently running as indicated by the sharp slope of his movement path) back
YR F2NIK I ONRaa (GKS &aSYAOANDtS 2F SEKAOAGA A
in theaudio and video record confirm that his movement path refatiultiple, frantic attempts



Adhir 25 Blake 6 yearsold

Adhir stands at Hank Williams exhibit
while Blake runs back & forth trying to
lead him on a “tour” of other exhibits
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Rydal Shapiro. Reprinted by permission
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Shapiro. Reprinted by permissio



to draw Adhir away from the Hank Williams exhibit. After four failed attempts, Blake finally
4dz00SSRa Ay fSIFRAY3 ! RKANI 2y gKIFIG 6S RSaONROGS
occurs inAgure 12 when their movement paths intertwine in apetime from approximately

minutes %6.

Figurel-3BRA & LJ I @a (GKS Y2@SYSyid 2F (62 20KSNJ YSY
brother Jeans (green) andtheiriS NJ [ Af & 6&Stf260> RdzZNAYy3a GKS FI
space. The spad@me view illustrates how Jeans and Lily nearly always move through the gallery
space together (they were apart only during minutedj

Together, Figure$ - 2 and1 - 3 illustrate how pairs within the Bluegrass Family move to
engage with exhibits and one another in starkly different ways. While Blake displays a
NBEONMXZA G YSYy G Y2@0SYSyld LI GGSNY Ay NBaLRyasS G2 !
Lily produce itertwined movement, similar to the tour movement pattern later produced by
Blake with Adhir.

10 25 e 6 years old

Mom Lily 20 Jeans Adhir Bla

Adhir stands at Hank Williams exhibit
while Blake runs back & forth trying to
lead him on a “tour” of other exhibits
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Ben Rydall&piro. Reprinted by permission

Figurel - 4 maps the movement of all 5 members of the Bluegrass family and now includes Blake,
WSHya YR [Af@&QaSa2dys @3 Sdza S\ yi Pz YSS 6da2 Yeé A
alSQa NeRtS Fa I LINByiGuvd ¢KS FAId2NBE akKz2ga K29
the semicircle of exhibits dedicated to famous Bluegrass and early Country musicians. On one
hand, the fighh® NB @S fa (GKS FlYAfeQa RSYyaS |yR T20dza¢
and across these exhibits (and not at other exhibits in the gallery). On the other hand, the figure
shows visible qualities (e.g., pace, duration, shape, distance) and ralhips (e.g.,

1C



intersections, weaving, splitting, proximity) among movement paths that support and deepen
different analytical framings of engagement. In particular, these qualities and relationships
provide a means to study how the family engages by produwhat some call a meshwork of
movement (Ingold, 2007), within which they manage personal and social distances (Hall, 1966)
between one another in relation to the spatial layout of the space.

For exampleFigure 1-4A f € dza 0 NI (1 S&a K 2 énd physikal dcEian aNcBosS Y S v
and influences the movement trajectories of other family members, particularly Blake.
CdzNI KSNX2NBE>X GKS FAIANE &adz33aSada dKIG ! RKANI |
to show what they have learned inthe gaBer RdzZNA y3 (G KS FIl YAf &@Qa OGAaAi
in their postvisit interview, Blake, Jeans, and Mae had also visited the museum 2 days earlier.
Close analysis éfgure 1- 4 suggests that Jeans, through his close and constant proximity to Lily,
and Blake, through his constant efforts to lead Adhir on a tour, are sharing this gallery space with
Adhir and Lily through their movement. Finally, the sptaoee view inFgure 1- 4 shows how
al SQ&a Y2@SYSyid 2F0Sy fl3a 0SKAYR -fifsherfamiyAf & Q&
at particular moments when they are stopped and gathered together at an exhibit. As we will
show in detail later, these patterns helped us understangshoa I S YIF yIF 35a KSNJ (
engagement and learning by joining them at moments of peak engagement to make connections
across exhibits for her children. The spdicee view is essential to describing, representing, and
interpreting visible qualities and l&ionships among movement paths that support different
analytical framings of engagement.

Figurel - 5 extends the previous figures to illustrate more fully a wdytranscribing
LIS2 L) SQa AYOGSNI OGAaAz2zyd 2S5 OFftf GKAA az2yRNALFY ¢
work of the Modernist artist, Piet Mondrian (1872944), particularly to his use of lines in
relation to forms (e.g., visitor paths and graded i;eg of engagement through talk-
interaction, in our usage). The top half of the figure once again shows the movement of all five
YSYOSNR 2F (GKS . fdzS3INIaa CrYAafeo ¢KS o02002Y K
relation to their movement (i®@> GKS FlIYAfedQa Y20SYSyid AiAa ak
conversation to link the two halves of the figure).

InHgure 1- 5, conversation is transcribed and organized in a manner that draws from and
extends conventions of conversation analysis usederighrning sciences and CSCL communities
(Derry et al., 2010; Jordan & Henderson, 1995; Stahl et al., 2006; also see Erickson, 2004, for
analysis using conventions drawn from musical scoring). Given a typicaldiee=d transcript,

Mondrian Transcriptioshows each turn at talk as a colored line to indicate which family member
contributes (i.e., speaks) that conversation turn (indentations indicate overlapping speech).
Second, colored lines of talk are gathered into boxes that group topically relateesezgi of
conversation turns and movement (e.g., usually related to artifacts/musicians). These sequences
resemble what Ananda Marin (2013) calls ambulatory sequences or interleaved sequences of
movement and talk among multiple people situated in and actbsgphysical environment.

In other words, in the spaetme view, each box marks the start, duration, and end of an
ambulatory sequence and reveals how moments of conversational engagement are organized
aSljdSyidAaltte I ONR&aa (KB EFISHIRIANE R IV IS yRelyNIay O
formation, see Kendon, 1990). For instance, the bottom hafgire 1- 5 highlights one box in
spaceli A YSY G6KSNB GKS NBIRIFIotS GSEG SELIYyR& (KS
movement, represenan ambulatory sequence. In the flopkan view, ambulatory sequences
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by permission

accumulate overime within regions of gridded space to create what we call engagement
footprints (similar to heat maps). For example, the region of space around the Hank Williams
exhibit has the largest number of conversation turns (as indicated by the many coloredflines
talk) and is enclosed by a dense box that reflects five separate (in time) ambulatory sequences
occurring at the Hank Williams exhibit (the box thickness in the floor plan view increasing with
each repeated ambulatory sequence). Such a dense engageimaprint indicates that the
Bluegrass Family is intensely and repeatedly engaging with the Hank Williams exhibit. It also
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